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2. Plot 2: Tobacco N Results
1975 Tobacco Plot
1976 Tobacco Plot
Water Table and Suction Lysimeter Results
3. Plot 3: Soybean and Greenbean N Results
1975 Soybean Plot ‘
1976 Greenbean Plot
Cl and NO3-N Leaching




WINTER MOVEMENT OF NO3—N
1. Model Development
2. Predicted Results






































Monthly precipitation totals for Watersheds AG—Ol,
AG—l3 and their percent deviation from long term norms
at Leamington, Ontario
Mean monthly temperatures recorded at Leamington, Ontario
and deviation from long term norms
Means and standard deviations for nitrate (NO3-N), total
kjeldahl N (TKN), dissolved ammonium (NH4—N) and total
N (TKN+NO3—N) for Watersheds AG-Ol and AG—l3 during 1974-
1977 sample period
Regression coefficients relating nitrogen concentration
to instantaneous (Qi) and mean daily (QAV) flow for
Watersheds AG—Ol and AG-l3 for January 1975 to March 1977
Annual dissolved (DN) and total N(TN) loss rates as
calculated by NAQUADAT, regression and stratified—sample
methods for Watersheds AG-Ol and AG—l3, 1975 and 1976
NO3—N and Cl concentrations (ug/g) measured on suction
lysimeter samples taken from Plot 4 at 90 and 150 cm depths
in 1976 and tile drain NO3—N and Cl concentrations.
Water table levels for Plots 5 and 6 and suction lysimeter
NO3—N concentrations in Plot 5
Estimated annual net mineralization rates (kg/ha) for the
tile-drained clay Watershed AG—Ol
Approximate nitrogen mass balances (kg N/ha/yr) for plots
on tile-drained clay Watershed AG—Ol
Water table levels and suction lysimeter NO3-N concentra-
tions in Plot 1
Water table levels and suction lysimeter NO3—N concentra-
tions in Plot 2
Suction lysimeterC1 and N03—N concentrations in Plot 3,
Watershed AG—l3
Estimated annual net mineralization rates (kg/ha) for the
sandy loam Watershed AG—l3
Approximate nitrogen mass balances (kg N/ha/yr) for plots




























































































































































































































Maps of Watersheds AG—Ol and AG—l3 showing locations
of field study plots 5
Mean daily temperatures at Harrow Research Station and
precipitation as measured in Hillman Creek (AG-l3)
watershed lO
Cumulative average precipitation N input (kg/ha) to
Watersheds AG-Ol and AG-13, May 1975 to April 1976 (based
on N concentration measurements by M. Sanderson,
1977)
Mean monthly NO3-N concentration and standard deviation






































































































































































































































































































N/ha) for the 1975 and 1976 potato Plot 1, Watershed
AG-l3
Figure 15. Nitrogen concentrations (ug/g) of the 0—75 cm profile
of the 1975 and 1976 potato Plot 1, Watershed AG—l3
Figure 16. Accumulated NO3-N and extractable NH4—N masses (kg/
ha/depth) fertilizer addition and crop uptake (kg N/ha)
for the 1975 and 1976 tobacco Plot 2, Watershed AG-13
Figure 17. Nitrogen concentrations (ug/g) in the 0-75 cm profile
of the 1975 and 1976 tobacco Plot 2, Watershed AG—l3
Figure 18. Accumulated NO3—N and extractable NH4—N masses (kg/
ha/depth) fertilizer addition and crop uptake (kg N/ha)
for the 1975 soybean and 1976 greenbean Plot 3,
Watershed AG-l3
Figure 19. Nitrogen concentrations (ug/g) in the 0—75 cm profile
of the 1975 soybean and the 1976 greenbean Plot 3,
Watershed AG—13
Figure 20. Cumulative chloride mass (kg/ha) for 0—20 and 0-75 cm
depth intervals and corresponding concentration
distributions for C1 with respect to depth for each
of the sampling times on 1976 greenbean Plot 3, Water-
shed AG—l3
Figure 21. Harrow Research Station minimum and maximum temperature
data and mean daily precipitation for the winter period
of 1973-74
Figure 22. Predicted (solid line) and measured NO3-N Concentrations
for Nov. 1973 to May 1974 for the 61, 122, and 183
cm depths.
Figure 23. Predicted NO3—N mass in soil and predicted N0 -N mass
leached from the 1975 tobacco plot (AG-13)
Figure 24. Predicted NO3-N concentrations with respect to depth
for the 1975 sampling times (measured N03-N values are
marked by x's).
viii
 Figure 25. Predicted NO3—N mass in soil and predicted NO —N
mass leached from the 1976 tobacco plot (AG-l3) 75
Figure 26. Predicted NO3—N concentrations with respect to depth
for the 1976 sampling times (measured NO3—N values
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 Table 1. Monthly precipitation tOtals for Watersheds AG-Ol, AG—13 and





. Precipitation Deviation* Precipitation Deviation
Period
mm X mm Z
1975 Jan. 96** +66 96** +66
Feb. 64** +23 64** +23
Mar. 72** +11 72** +11
Apr. 59** -26 59** —26
May 48** -4O 48** -40
June 141 +65 106 +24
July 30 —62 41 -48
Aug. 211 +202 232 +232
Sept. 67 —5 66 +10
Oct. 31 -48 3O —50
Nov. 52 —18 44 —30
Dec. 77 +19 74 +14
1976 Jan. 48 —16 58 -1
Feb. 64 +24 80 +55
Mar. 117 +80 121 +147
Apr. 68 —15 6O -25
May 57 —28 52 -34
June 94 +10 95 +11
July 88 +11 87 +10
Aug. 14 —80 16 77
Sept. 87 +45 93 +55
Oct. 57 -4 56 -6
Nov. 18 -71 32 -49
Dec. 17 —74 20 —69
June 75 to Dec. 76 1138 +3 1742 +34
* deviation from 30 year normalat Leamington expressed as a percent
**values were recorded at Leamington as rain gauges were not yet
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Relationship between mean daily discharge and NO3—N concen-



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 fulfillment of these two different conditions varied from month to month.
However, such monthly differences did not result in marked annual loss
rate differences between these two methods (Table 5). NAQUADAT loss rate
values, which did not depend upon statistically derived Q-C relationships,
will be referred to when discussingseasonal N loss variation.
Magnitude of Losses
The watershed N losses discussed in this section represent N which has
moved past the stream sampling point at the drainage outlet of the water—
shed. Thus, the measurement does not include watershed N losses from deni—
trification or volatilization. Unit area N losses were calculated by
equally distributing N loss over all parts of the watershed.
Average annual total N losses for 1975—1976 were 22.2 kg N/ha and
29.4 kg N/ha for AG—Ol and AG—13, respectively. These annual losses were
about double the 1961—1967 average losses from southern Ontario tile
drains under fertilized continuouscorn (Webber and Elrick 1967, Bolton et
al. 1970) although N losses in excess of 30 kg N/ha/year were also reported.
Similar high total N losses Were found for a watershed with 33% corn
acreage in the St. Lawrence lowlands (Neilsen and Mackenzie, 1977) and N
losses as large as these have been reported in Iowa for small heavily
fertilized watersheds seeded to corn (Burwell et a1. 1974, 1976).
The
higher losses from AG—13 may reflect the greater fertilizer input primarily
on corn, tobacco and potatoes in AG—l3 (67.0 kg N/watershed hectare)
compared to AG—Ol (58.4 kg N/watershed hectare) (Frank and Ripley, 1977).
In addition, 59% of AG-l3 fertilizer N was applied under preplant conditions
at times of low crop cover.
Only 22% of N was similarly applied in AG—Ol.
Some of the greater loss rates from AG—13 reflected greater annual runoff
from this sandy watershed.
In 1976, 32 centimeters ran off AG—l3 compared
to 25 centimeters from AG-Ol.
Furthermore less excess N may have been
lost due to denitrification from the sandy watershed.
Nevertheless, total
N loss rates from either of these two watersheds were not large when
compared to the estimated 24 kg total N input/hectare from precipitation.
During the two year monitoring period, DN accounted for 87% and 64%
of the total N losses in the sandy
(AG—13) and clay (AG—01) watersheds,
respectively.
This implies that sediment associated N losses were rela—
tively more important from the clay watershed which had a higher sediment
loss rate than AG—l3 despite lower discharges (580 kg/ha versus 414 kg/ha).
Most of the dissolved N (93% for both watersheds over two years) was lost
as NO3—N indicating the predominance of N anion over N cation loss from
these agricultural watersheds.
For both watersheds, DN and TN loss rates in 1975 exceeded those
during 1976. This may in part have reflected higher runoff since 36 and 33
centimeters of runoff occurred from AG—13 during 1975 and 1976 respectively.
The comparable figures for AG-Ol were 32 centimeters in 1975 and 25 centi-
meters in 1976.























































































































































































































































































































 The monthly N loss rates closely followed the monthly distribution of
runoff as indicated by the coincidence of peak monthly discharge and DN
loss rates in February (Figure 7), the month of the peak spring runoff
event in 1975 and 1976. In addition, DN loss rates were low during September
to December 1976, at which time runoff comprised a small fraction of
annual flowfor these two watersheds. In 1976, 57.1% of AG—Ol and 67.7%
of AG—l3 annual DN losses occurred during February and March during which
time 74.2 and 67.7% of their respective annual runoff occurred. These
results supported the conclusions of Sharpley et al. (1976) that variation
in discharge rather than stream concentrations was the predominant cause
of variation in loss rates. Since most of DN losses occurred during the
December to March winter period, it was also clear that this season repre-
sented the most critical time for N loss. Reduction of soil N content
prior to December could result in a maximum annual conservation of water-
shed N.
4. Summary
For the predominantly sandy (AG-l3) and clay (AG—01) agricultural
watersheds, the following conclusions could be drawn concerning stream N
concentrations and losses.
The predominant N species lost from both these watersheds was NO3-N,
although the 10 mg/l Ontario drinking water standard was exceeded only
7% of the time. Nevertheless, especially for sandy watershed AG—13, a 0.3
mg/l N limited (for algal growth) level may prove extremely difficult to
achieve. Although there was little difference between the 2 year average
total Kjeldahl N concentrations between watersheds, 36% of total N losses
occurred as Kjeldahl-N from the clay watersheds (compared to 13% from AG-l3).
This was associated with higher sediment losses from the clay watersheds.
For both watersheds, there was a positive relationship between dis—
charge and NO3—N concentration. This had the consequence that highest
NO3—N concentrations and losses occurred during non growing season months
of high runoff (December—April). Also, increased NO3—N concentration was
associated with the increased discharge of storm runoff. This indicated
both the mobility of N at times of excess moisture and the need to be
concerned with reducing soil N content prior to the late fall, winter and
spring runoff periods.
The positive association of NO3—N — the predominant_N species lost
in runoff - with discharge helps explain the larger unit area total N losses
during a wetter 1975 compared to 1976. Also, the greater runoff from the
sandy watershed, as well as greater fertilizer rates and reduced denitri—
fication losses within this watershed may explain the larger average
annual (29 kg total N/watershed hectare) total N loss compared to the clay
watershed (22 kg N/watershed hectare). Nevertheless, unit area losses
were not large compared to estimated annual N inputs with precipitation
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the 75 cm profile. Field notes indicate abundant weed growth after harvest
as the field was not cultivated. Some of the soil N was likely removed by
the growing weeds.
1976 Corn Plot
In the early winter of 1975 the field on which Plot 4 was located was
tile—drained. The stubble and weed debris were burned off before tile
installation. On 13 May 1976 the field was seeded to corn (Zea mays L.,
var. 345 Co-op) with the addition of 112 kg N/ha as urea and 67 kg N/ha as
NH4NO3. The recommended N rate* was 168 kg N/ha. The seasonal changes in
NH4—N and NO3—N levels in the 75 cm profile are shown in Figures 8 and 9.
NO3-N increased from 20 kg/ha on 12 May 1976 to 230 kg N/ha/75 cm on 16
June 1976. This increase was primarily due to the addition of 179 kg/ha
of fertilizer N and net mineralization of soil nitrogen. Total corn plant
N-uptake was 210 kg N/ha and corresponded to a decrease in readily available
soil N from approximately 300 kg/ha on 16 June to 65 kg N/ha/75 cm on 25
October 1976. The corn in Plot 4 was grown for grain production and the
stovers, husks and cobs were worked backin the soil. Generally, grain dry
matter accounts for 35-45% of the above ground dry matter production but
results are variable (43-50%, Hanway, 1962; 33—35%, Chaudhary et a1.,
1975; 28—44%, Fribourg et a1., 1976; and 42—64%, Beauchamp et a1., 1976).
Corn ears (grain, cob and husks) account for approximately 60—65% of the
above ground dry matter production (Hanway, 1962). Corn grain contains
1.42-1.78Z N while the stovers contain 0.56-0.75Z N (Chaudhary et a1.,
1975 and Beauchamp et a1., 1976). Calculations from this plot indicated
that about 97 kg N/ha was removed with the grain and 113 kg N/ha was
incorporated in the soil as stover and root debris. Pierre et a1. (1971)
showed N—uptake in grain and cobs ranging from 28 to 137 kg/ha.
N03—N and NH4-N distributions with respect to depth (Figure 9) showed
diminishing concentrations over time. By 28 June 1976 the NH4-N concentra-
tion had decreased from 60 ug/g in the surface 10 cm (20 May 1976) to less
than 5 ug/g. Most of this decrease was probably a result of nitrification.
Surface NO —N concentrations tended to remain relatively high(77 to 136
ug/g) and slowly decreased to near 10 ug/g on 25 October 1976. Most of
this decrease was probably a result of plant uptake. Leaching losses were
difficult to determine from these results. NO3—N concentrations near the
60 cm depth tended to remain less than 2 ug/g except for 25 October where
fall rains may have induced some downward N03-N movement.
Cl and NO3—N Leaching
 
In order to trace the movement of a mobile ion similar to N03—N, but
not subject to microbial activity, 317 kg Cl/ha as KCl was applied
to Plot 4 on 14 May 1976. In addition, on 13 May when the corn
crop was planted the field received an extra 50 kg Cl/ha as KCl
(0—0-60). The accumulated Cl mass (kg/ha) for the 0-20 and 0—75 cm
 
*Ontario Ministry of Agriculture and Food. 1977 Field Crop Recommendations.
27
 depth intervals and the corresponding concentration distributions for C1
with respect to depth for each of the sampling times are shown in Figure
10. The 3 June sampling showed'that only 337 kg Cl/ha was recovered in
the 0-75 cm layer. The 16 June sampling gave results which were high.
The average of 16 June and 3 June chloride results might represent a
reasonable recovery rate. The chloride mass in the clay plot decreased
steadily throughout the summer from approximately 440 kg Cl/ha in early
June to near 320 kg Cl/ha/75 cm by 15 September 1976. Chloride uptake by
the corn amounted to 147 kg Cl/ha by 15 September 1976 which would account
for the steady chloride decrease during the summer. The accumulated
chloride mass in the soil increased to 395 kg Cl/ha/75 cm by 25 October
1976.
This apparent increase may have been due to sampling error and also
to chloride loss from the corn plant., The percent chloride in the corn
stalks decreased from 2.25% on 15 September to 1.46% on 25 October 1976
resulting in a loss of 56 kg Cl/ha from the corn plants. The corn crop was
harvested 30 October 1976.
By 25 March 1977 the chloride mass had decreased
to 185 kg/ha.
In terms of added Cl (367 kg/ha) there was a 69% loss
between application and early spring 1977.
During the winter period
between 25 October 1976 and 2 May 1977, the mineral N mass increased from
65 kg N/ha to 90 kg N/ha/75 cm.
Presumably any
Nloss due to winter
leaching and spring runoff was regained by early spring mineralization.
The chloride distribution patterns
(Figure 10) on the clay Plot 4
tended to parallel those of NO3-N (Figure 9) where most of the chloride
was retained near the surface.
The 25 Oct. 1976 and 24 March 1977 sampling














































































































































































































































































































































































































































































































































on 1975 corn Plot 4, Watershed AG—Ol.
29
Table 6. N03—N and Cl concentrations (ug/g) measured on suction lysimeter
samples taken from Plot 4 at 90 and 150 cm depths in 1976 and
tile drain N03-N and Cl concentrations.
   
SAMPLING NO3-N Cl
DATE
90 cm 150 cm tile 90 cm 150 cm tile
May 12 - - 5 — — -









June 17 l 3 - 50 66
June 28 105 33 40 124 100 89
July 7 98 39 15 100 103 89
July 21 63 - 20 89 - 82
July 23 21 16 — 105 88
July '28 36 18 — - 105
Aug. 9 23 8 — 77 72
Aug. 30 — 5 - — 53
Sept. 17 - 4 12 V 14
Oct. 25 ' — 3
Nov. 12 - 3 78



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































and 10 September 1975.
34
 Table 7.
Water table levels for Plots 5 and 6 and suction lysimeter NO3—N
concentrations in Plot 5
SAMPLING DATE
Depth of Water Table (cm)
NO3—N Concentrations (mg/1)
  
Plot 5 Plot 6 90 cm depth 150 cm depth
5 Oct. 75 235 62
29 Oct. 75 248 72
12 Nov. 75 248 61
4 Dec. 75 235 60
21 Dec. 75 198 66
19 Jan. 76 147 59
6 Feb. 76 105 52
26 Feb. 76 100 18
17 Mar. 76 105 28
23 Mar. 76 123 52
15 Apr. 76 130 38
10 May 76 107
8 June 76 143
29 June 76 148 13 5
21 July 76 180 4 8
5 Aug. 76 183 9 4
17 Sept. 76 295 ~ 2
12 Oct. 76 302 2 10
12 Nov. 76 325 - 3
7 Jan. 77 330 - -
11 Feb. 77 345 - -
10 Mar. 77 89 ‘ ‘
25 Mar. 77 91 11 6
35
 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































to temperature and water content.
The empirical relationship
obtained for the clay soils was as follows:
.




















































Stevenson - net wheat 58 corn 52




kg/ha/day for 5 months 107 107 107
Kowalenko (1977) - 1975 486 486 486
regression of laboratory 1976 404 404 404
incubation study





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































added fertilizer 15N and amounted to about 45 kg N/ha in a clay loam soil
near Ottawa. Chichester and Smith (1975) estimated loss by denitrification
to range from 5 to 30% of the fertilizer applied. An accounting of the
15N for the period of their field lysimeter study showed that approximately
30% was leached in percolate and less than 2% was moved in runoff.
On the basis of the above review, denitrification could account for






















































































































































SANDY LOAM WATERSHED AG—13 RESULTS
 
1. Plot 1: Potato N Results
1975 Potato Plot
Plot 1 was located at the west end of AG—l3 on Berrien sandy loam
(Gleyed Brunisolic, Mersea Twp., Lot 3, Conc. 4). Winter wheat was planted
in the fall of 1972 with 38 kg N/ha as 34—0-0 (NH4N03) broadcast with the
seed and 38 kg N/ha as 34-0-0 applied in the spring of 1973. In 1974 Flue
tobacco was planted in the field with 22 kg N/ha band applied as 2-12—14.
After the tobacco was harvested a cover crop of wheat with no fertilizer
was planted. This cover crop was plowed under for green manure in the
spring of 1975. Early potatoes (Solanum tuberosum L., var. Superior) were
planted on 6 April 1975 with 112 kg N/ha as 10-20—30 bandapplied. This
was almost double the recommended rate* of 67 kg N/ha for early potatoes.
Because the plot was established in July 1975 and the potatoes were
harvested 11 July, no plant and soil samples were taken during the potato
growing season.
The first soil samples were taken 16 July 1975 and ryegrass
was seeded on 10 August 1975.
The nitrogen loss from the 0—75 cm profile
between the first and second sampling was 9l kg/ha (see Figure 14) with 49
kg N/ha tied up
inthe ryegrass (De Jong and Cameron et a1., 1977) and 20 kg
N/ha remained in the soil.
The net loss of 42 kg N/ha was thought to be
mainly due to leaching.
The soil had a large hydraulic conductivity
(Topp, 1976) and was subject to some heavy rainstorms between the two
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Figure 14. Accumulated NO —N and extractable NH -N masses (kg N/ha/depth),
fertilizer addltion and crop uptake ﬁkg N/ha) for the 1975 and




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































90 cm depth 150 cm depth




















31 May 1976 9 1
8 June 1976 72
















27 July 1976 98
5 Aug. 1976 87
















25 Nov. 1976 137
17 Dec. 1976 145
7 Jan. 1977 146
11 Feb. 1977 152
10 Mar. 1977 120





















































































































































































































































































































































The tobacco was planted 24 May 1976 with 118 kg N/ha band applied as
5—10—15.
Additiona1_fertilizer increments of 93 kg N/ha as 34—0-0 and 14
kg N/ha as 5—10-5 were applied on 4 June 1976 and 22 June 1976, respectively.
The total nitrogen uptake by the tobacco crop during its 84 day
growing season from 24 May to 16 August 1976 was 175 kg N/ha, which was
78% of the added fertilizer.








Definite signs oerO3—N losses by leaching were evident by mid-summer
and fall (Figure 17).
Downward movement of NO3—N on 21 June
1976was due






























































































































































































































































































AG-I3 PLOT 2 - CONCENTRATION OF NITROGEN (1.00/9)
I0 20 30 IO 20 30 40
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tobacco Plot 2, Watershed AG-13.
 
 to a 2 cm rain on 17 June. A 3.9 cm rain on June 23 added to the NO3-N
losses. Fall rains also caused considerable NO3—movement as is evidenced
by the 23 September 1976 and 18 October 1976 profile distributions.
A cover crop of winter wheat was planted on 8 September 1976 with no
added fertilizer. This crop was plowed under on 20 April 1977.
Water Table and Suction Lysimeter Results
The results of the water table readings from Plot 2 are shown in
Table 11. A similar pattern to that on Plot 1 was observed: during the
growing season through to the fall the water table was decreasing, but a
rapid increase in response to snowmelt was noted on 19 December 1975 and
25 March 1977.
The results from the suction lysimeters indicated that the N03—N
concentrations at the 90 cm level remained rather low during the spring
and summer of 1976, but increased to 13 mg/l on 12 November 1976; a "slug"
of NO3—N was moving through the 90 cm zone at that time. The NO3—N con—
centrations from the samples taken at 150 cm were consistently higher than
the comparable ones at the 90 cm level.
It was thought that an accumulation
of NO3-N at the 150 cm level might be the result of four or more years of
heavy N fertilization.















































































































































































































































































































































































































































































































































































































90 cm depth 150 cm depth
3 Oct. 1975 116
29 Oct. 1975 137
12 Nov. 1975 134
4 Dec. 1975 130
19 Dec. 1975 74
23 Feb. 1976 40
17 Mar. 1976 66
23 Mar. 1976 70
15 Apr. 1976 86














30 June 1976 119
5 July 1976 124 3 21
20 July 1976 4 20
4 Aug. 1976 162 4 18
24 Aug. 1976 3 18
30 Aug. 1976 177
17 Sept. 1976 189 4 15
8 Oct. 1976 164
12 Nov. 1976 13 15
7 Jan. 1977 160
11 Feb. 1977 189
10 Mar. 1977 119
25 Mar. 1977 80 2 16
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increasing operator bias and sampling error.
The distribution of C1 in the soil profile indicated that by 7 July
1976 there was a definite slug of chloride peaking near 15 cm. The 3.8 cm
rain on 10 July increased downward movement. During the same period the
green beans showed maximum accumulation of nitrogen. Chloride could also
I have been accumulated by the plants. Although plant chloride analysis was
‘f not conducted, the chloride decrease in the soil may partly be a result of






















































































































































































































































































































intervals and corresponding concentration distributions for
C1 with respect to depth for each of the sampling times on



























































































































































and N—losses were probably masked by N—gains from mineralization.
During the winter no further losses of chloride occurred in the 0—75
cm profile although the 2 May 1977 profile distribution showed that almost
all of the chloride had accumulated at the lower depths in the profile.
Chloride readings on the water samples (Table 12) at 90 cm increased
from 12 mg/l on 17 September 1976 to 63 mg/l on 22 October 1976, then to
250 mg/l on 12 November 1976 and decreased to 220 mg/l on 25 March 1977.
The readings at 150 cm also increased steadily with time, indicating a
steady loss of chloride through the soil.
NO3-N concentrations at the 90 cm and 150 cm depth remained fairly
constant during the period of measurement (7 June 1976 — 12 November
1976), except that on 12 November a slug of NO3-N appeared to be passing
the 90 cm depth.




Estimates of annual nitrogen losses can be obtained by using a simplified
balance sheet. However, in order to compute the N balance some quantitative
estimates of mineralization must be made.
Approximately 2400, 2930 and 2000 kg organic N/ha/ZO cm was present
in the sandy loam soils on Plots 1, 2 and 3 respectively. Bremner's (1965)
percentages, as discussed previously, suggested that 20 to 88 kg organic
N/ha would be mineralized (Table 13, also see discussions for clay watershed).
Using Stevenson's (1965) approach the net mineralization rate ranged
from about 63 kg N/ha for Plot 2 to 108 kg N/ha when soybeans were grown
on Plot 3 in 1975.
Allison (1955) reviewed a number of long—term lysimeter studies on
various soil types. The net mineralization rates (kg N/ha/year) on sandy
loam soils ranged from 21 to 75 kg N/ha/year, with most rates falling
between 34 and 45 kg N/ha/year.
Kowalenko (1977) related mineral N production in a laboratory study
to temperature and water content.
The empirical relationship obtained for

















































































Estimated annual net mineralization rates (kg/ha) for the
sandy loam Watershed AG-13
Method Plot 1 Plot 2 Plot 3
Bremner: l to 3% 24 — 72 29 - 88 20 - 60
of organic N (kg/ha)
Stevenson - net
mineralization equals potatoes 46 tobacco 23 soybeans 108'
plant organic debris cover crop 59_ cover crop §Q_ green beans 88
returned 86 63
Adlis°n.‘ “8t 21 — 75 21 - 75 21 — 75
mineralization
Kowalenko — regression


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 WINTER MOVEMENT OF NOR-N
 
The monitored N03-N and Cl results from the tile—drained clay Watershed
AG—Ol and sandy Watershed AG—lS suggested that there was not excessive
movement of mobile salts during the Summer,
except perhaps during certain
wet periods.
Most of the leaching, tile—drain and run-off losses of Cl and














picture of the fall to spring losses.
In 1973 a study was initiated at the Harrow Research Station (Dr. W.
Findlay) to continuously monitor N03—N movement using ceramic suction cups
placed at 61, 122, 183, 244, and 305 cm depths below a corn field.
The
)
study was initiated on June 29, 1973, with the application of 560 kg N/ha
as NH4NO3 and solution samples were removed periodically throughout the
year for analysis.
1. Model Development
The data was also used to test and calibrate water and salt transport
models, viz.
89 8 89
‘E'- 3; D(9)3; - K(9) (1)
39C 3 1 3C C
7—5; D ( ,e>ea—X-3— (2)
where G = volumetric water content (cm3/cm3)
t = time
x = depth 2
D(G) = diffusivity function (cm /day)
K(6) = hydraulic conductivity function (cm/day)
C = solute concentration (mg/l)
Dl(v,9) = hydrodynamic dispersion coefficient
q = water flux = cm3/cm2—day = cm/day
The hydraulic conductivity and diffusivity functions were derived
from field-measured drying curves and field—measured saturated hydraulic
conductivities using the Millington-Quirk procedure (Jackson, 1972). A
brief summary of the field results including bulk densities, saturated












































































































































































































































































































































































































































































The values for the K(9) and D(G) parameters used



































Nov. 1973 to 31 May 1974.
The model was applied to this time period
because most of the NO3—N movement took place between late fall and early
spring.
The surface flux boundary was derived from rainfall and snowmelt
measurements made at the Harrow Research Station (Figure 21). All rainfall
was assumed to enter the soil on the same day it fell and evaporation was
considered to be negligible for this time period.
The water equivalent of
the snow was assumed to be 0.1 if it fell on a day with no rainfall.
It
was estimated that about 20% of this snow was lost due to wind and sublimation.
Snow that fell on a rainy day was assumed to have a water equivalent of
0.15 and none was lost due to wind or sublimation. Snow was accumulated,
but not melted when the average daily temperature was below 0.0 C. Snowmelt
was arbitrarily defined to occur at a rate of 0.5 cm water/C/day.
2. fredicted Results
The predicted (solid lines) and measured results for Nov. 1973
to May 1974 are shown in Figure 22.By early December a "slug" of NO3-N had
reached the 61 cm suction cup; by early February the NO3—N concentration
peak was near 122 cm; and by early May the "slug" of N03—N appeared to
peak at 183 cm. Both the predicted and observed results show similar
trends. As the pulse of N03—N moved down the profile it became more
diffuse; the peak concentration decreased with depth. On the whole, the
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Harrow Research Station minimum and maximum temperature data








































( l/BW) NOLLITIOS NI N" ON :50 NOILVUlNEONOO
Predicted (solid line) and measured NO3-N concentrations for














































































































































































































































































































































The water transport equation follows that outlined by equation (1)
presented















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































where ONf = mass of fresh or recently added organic material
ONi
mass of indigenous or slowing decomposing organic materials







k1 = 0.025 + 0.002 T9 — 0.008 T
(13)





where the nitrification rate coefficient kg was a function of temperature
and water content, i.e.
k2 = 0.0007 T0
(15)
Most of the available ammonium was assumed to remain on the soil
exchange and considered to be relatively immobile. Downward transport of
N was predominantly through the NO3-N ion. Uptake of N by roots was set
proportional to the measured N uptake in the field. The removal from the
soil was a function of rooting density and salt concentration, similar to
the methodology discussed for water uptake.
An important nitrogen function that was not accounted for by the
model was denitrification. It is known that the rate of this process is
dependent upon the degree of aeration, supply of readily available carbon,
and temperature. However, the quantitative relationship for a given field
situation is not known and difficult to measure. In this study the lack
of denitrification will be reflected in a build—up of NO3-N and eventually
in the leaching losses of NO3-N.
2. Model Results
A comparison of the 1975 simulation results and field measured for
N0 -N mass balance and profile distributions are shown in Figures 23 and
24, respectively. The predicted NO3-N masses were generally higher than
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































from the 197 5 tobacco plot (AG—13).











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Allison, F.E. 1955. The enigma of soil nitrogen balance sheets. Adv.
Agron. 8:213—250.
Beauchamp, E.G., L.W. Kannenberg, and R.B. Hunter. 1976. Nitrogen accumu—
lation and translocation in corn geno types following silking. Agron.
J. 68:418—422.
 
Beek, J. and Frissel, J.J. 1973. Simulation of nitrogen behaviour in soils.
Center for Agric. Poll. and Doc., wageningen, Netherlands 67 p.
Bernstein, L. and Ayers, A.D. 1951. Salt tolerance of six varieties of
green beans. Amer. Soc. Hort. Sci. 57:243-248.
Biggar, J.W., and B.B. Corey. 1969. Agricultural drainage and eutrophication.
p. 405—445. 13 Eutrophication, causes, consequences and correctives.
Proc. Symp. Nat. Acad. Sci., Washington, D.C.
Bolton, E.F., J.W. Aylesworth and F.R. Hore. 1970. Nutrient Losses through
tile drains under three cropping systems and two fertility levels on
a Brookston clay soil. Can. J. Soil Sci. 50:275-279.
Bouwer, H. 1966. Rapid field measurement of air—entry value and hydraulic
conductivity of soil as significant parameters in flow system analysis.
Water Resour. Res. 2:729—738. g
Bremner, J.M. 1965. Organic nitrogen in soil. 13 Soil Nitrogen, W.V. 3
Bartholomew and F.E. Clark, eds. Agron. Series 10, Amer. Soc. Agron., ;
Madison, Wisc. pp. 43-92.
Burns, J.G. 1976. Equations to predict the leaching of nitrate uniformily
incorporated to a known depth or uniformily distributed throughout a
soil profile. J. Agric. Sci., Camb. 86:305—
Burns, I.G. 1974. A model for predicting the redistribution of salts applied
to fallow soils after excess rainfall or evaporation. J. Soil Sci.
25:165—178.
Burwell, B.E., G.E. Schuman, K.E. Saxton, and H.G. Heinemann. 1976. Nitrogen



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































nitrate applied to a swelling claysoil in the field. J. Environ. Qual.,
5:66—71.
Kowalenko, C.G. 1977. Quantification and qualitative examination of N
transformation processes in watershed soils. Final Report submitted to
Agricultural Watershed Studies, Task Group C (Canadian), PLUARG, IJC.
Kowalenko, C.G. 1978. Nitrogen transformations and transport over 17 months
in field fallow microplots using15N. Can. J. Soil Sci. 58:69—76.
Kowalenko, C.G. and Cameron, D.R. 1978. Nitrogen transformations in soil-
plant systems in three years of field experiments using tracer and
non tracer methods on an ammonium—fixing soil. Can. J. Soil Sci. 58:
(in press).
Mehran, M. and Tanji, K.K. 1974. Computer modelling of nitrogen transfor—
mation in soils. J. Environ. Qual. 3:391—396. '
Miller, M.H. 1975. The contribution of plant nutrients from agriculture
lands to drainage water. Res. Rept. from Dept. Land Rescurce Sci.,
Univ. Guelph.
Neilsen, G.H. and A.F. Mackenzie. 1977. Soluble and sediment nitrogen losses
as related to land use and type of soil in Eastern Canada. J. Environ.
Qual. 6:318—321.
Pierre, W.H., J.R. Webb and W.D. Shrader. 1971. Quantitative effects of
nitrogen fertilizer on the development and downward movement of soil
acidity in relation to level of fertilization and crop removal in a






























































































































































Amer. Soc. Agron., Madison, Wisc. pp. 1—42.
Tabatabai, M.A.
and J.M. Laflen. 1976.
Nutrient content of precipitation
over Iowa. Water, Air and Soil Pollution 6:361-373.
1
Tanji, K.K., M. Fried, and R.M. van der Pol. 1977.
A steady—state conceptual
1
nitrogen model for estimating nitrogen emissions from cropped lands. J.
i




Topp, G.C. 1978. Physical properties of the soils of agricultural watersheds
l and 13 which control moisture storage and treatment. Final Report
submitted to Agricultural WatershedStudies, Task Group C (Canadian),
PLUARG, IJC.
Topp, G.C. and M.R. Binns. 1976.
Field measurement of hydraulic conductivity
with a modified air—entry permeameter. Can. J. Soil Sci. 56:139—147.
_Weber, C.R. 1966. Nodulating and nonnodulating soybean isolines. II.
Response to applied nitrogen and modified soil conditions. Agron. J.
58:46—49.
Webber, L.R. 1971. Nutrient loadings in Swan Creek. Dep. Land Resource Sci.,
University of Guelph, Progress Report 1971. p. 38.
Webber, L.R. and D.E. Elrick. 1967. The soil and lake eutrophication.
Proceedings, 10th Conf. Great Lakes Res. :404-412.
 
Zartman, R.E., R.E. Phillips and J.E. Leggett. 1976. Comparison of












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































I I I I I
101 10
.077 36
v I I I I I n
1.01 10
.507 12

















I I I I I
203 210
530 30










































































. . . . I
000 00
707 62
I I O C I I I
0110 00
077 15













3 1 1 ‘11
“06 711
I I I . I I
1.57 “I:
006 30.











3 1o 1. 1A 1.
29053196722














































































I I I . I I
077 5“
77° 56













I ' . ' 0 U . ' U C '
630511617u9
1.3 1 211 1
601u32773uu

























I . r . v I .
850 0.1
1::16 Q0





















I I I I I
101 10
030 1.6.)»
a I I I t I I
1.1 1.0
no“ 12













. I I I . I I
5190 0.2
66.0 30
I I I I I
816 6“
208 03




























































I I I I I
010 on
17.0 83
p I I I I l I
1.00 00
1311.5 8“














C I . . I I
003 1‘
109 00
O . I . .
212 all
565 02







































I I I n .
000 OF
(III 10
I. l I I I I .
000 0a,
221 21
































' 0 . O ' 0 . I . . . . ' ' . ' 0 . I . I
810.”..508qs10 001101111332 ..
16513620133). 1
I S I I 3
plzsuSOwISQNV artizsus‘bwlaqkw
E AE E :5
R EU R .C .
M M
T U 7
01011111011 0 0111111111 \
L '1 V














































I I I I I I I I
11010110
58997103













I I I I I I I I I
3221130
550005.00
I I I I I I I I
00010000
60710563



















































. I I I I I I I I
100010000
EJ793711;











































































I I I I I I I I
01001000
6118100“














































































































. I I I I I I I I
221101121.
07R73772




































































































































































I I II I II I
11112110
73036603











































































I I O O O I I i I
00000000
77817ﬁna












































































































































































































































I I I I I
131 21
50:5 1.2.,
I I n I 1 n o
221 20
U58 «(a
























































































































































































































































































































































































I I . I I
011 10
773 62
I I I I D I I
000 00
777 70'














. I . I . I I
750 13
I I I I I
“bu S1.
31! 0$







2222 nu 1 1111
29822370571






















































I I I I I
001. 00
7140 7“
o a I n n I u
001. 00
770 Evy)



















































































I I I I I I I I I I I
766597R77~I1
600 h¢
I I I I I
17.3.1. «In
777 70
















. I I I . I I
223 20
3.05 56
I I I I I
288 63
0.0.0 as







211. 1‘ ll 1
.59559599352































I I p o I n o
967 51
9—5). PC)






















I I I I I
1101 10
004 12
I I I I I I I
101.15 10
701 30















. n I I . I I
1‘3 20
072 1a
. I I I I
377 62
535 18











































I b I I l b o
5.57 . 80
101.8 P3





















I I I I I
00° 0°
73} “2
o n u u n n a
000 00
077 82














. I I I I I I
7.53 51
880 so










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































I I I I I
111 10
.636 2“
I I I I I I I
I110 10
626 q?















































































I I I I I
P?‘ 1.0
600 Sb
I I I I I I I
0102 140
868 1S

















I l 6 6 . ‘ .
000 00
800 1’5
6 . . 6 6
000 00
“an S.)—



































































I I I I I
oon 00
“on 32
1 l O I l I I
00° 00
do“ I)?
















I C I . I 6
01“ 210
a?" 36
I 6 6 6 6
117 33
77 22




























































































I I I I I
00° 0°
28“ 5“
I I I I I
100 00
201 85





















































































I I I I I I I I I I I
“0000660000
“guasbuﬂvaao
- I I I I I I I I I I I
020116u2é)
2a“ 75
. I I I . I I
160 00
an“? gs
. I I I I I
IIOII 0°
6°“ 96


















































































I I I I I I I I I I I
nonnannnoaﬂ
0522691857
I I I I I I I I I I .
25151005021.
nan-0 9.5
I I I . I n
020 01
680 80‘
I I I I c
100 00
70.0 79




































































I I I I I
00° 00
“a2 75
I I D I I I I
001 00
an“? 75






















































































I I I I I
‘00 on
an“ “o
I O I O I I l
000 ‘00
an“ an














. I I I a I I
0‘00 00
868 15
I I I I I
0‘0 ‘6
.092 25









' . ' U . . . . . I .
(Invaoavluhvaé
III. II III) II
029.13g “08522




















































I I I I I
010 00
8.56 so
I I I I a I I
000 00
8A8 R0














I I I I I
021‘ 3
56.1 1:5
. o . . .
1.31.- 21
as so






















































































I I I I I
000 00
67a 9.?
I I I I I
200 I11.
234 2.0






































































I I U C I
1.00 00
.055 51
I I I I I I I
000 00
760‘ 62














I I I . I I
300 150
620 .53
I I I I I
11‘.- ‘0
37° 52
















































































I I u n I o a . a .
nnnhonnoonﬂ
3232222222n
a I I I I I I I I I I
.OOOOOOOOOOA
836 0.0
u I l I n C .
373 u).
580. 111
I . I . n
31.3 3‘
20!- 01









































































1 I I I I I I I I
011010110
Pin-HOOUIJZ






















































I I I I I I I I I
6556.00.00
ghluesaq
. I I I I I I I I
zusauabo
78u02688
















































































































I O O O I I I I I
53221333
































































I I I I I I I I I
11322120
65202931
I I I I I I I I .I
o’zuadZI-I
8022‘1u2
















































1 I I I I I I I I
0011310213
Quﬂnhéqslb








I I I I I I I I
O‘OPPCFZ‘
88.050203
. I I I I I I I I
002022....
aoouou‘l“
I I I I I I I I
00000000
oonusnnls




































































I I O Q .
001. 00
“an! “o
a I I I a I I
000 00
“an 5?














I I I I I
203 210
820 7“
I I I I I
2‘“ y 21
6.02 58




























































I I I I I
220 Ilo
58°. “.0
I I I I I I I
IIOII 110
'5pr (.1!













. I I I I I
1131 I00
293 5.0
I I I I I
11112 Clo
I17... 31A

































































I I I I I
000 00
an“ 52
I l I I I a I
000 00
an" :12














I I l . I I
000 Onv
on“ 32
I I I I I
000 on
“as 52
































































I I I I I
600 00
66.0 80
I O I I n I I
000 00
“86 “0
























I C l . O I
32“ 30
“76 69
I I I I I
023 30
0.39 “q

















































































































I I I I I
000 no
auo a“
l I C I I I. I
003 1A....
3111. 71)













. . C I U .
1000 00
S70 06











































































I I I I I
1100 .70
7.1.5 1|“
a I I I I I I
01511 (to
777 70


























































































I I I I I
.700 00
1‘16 02
O I I I o I I
111.50 1.00
71.1.. 02


























I I I I I
«I100 1.40
7&8 II}
. C . C '
1.110 1.0
5“! 32










































































I l I I I O I
1I1III 11°
11.09 .50!
















n . I ' . ' I
$11 20
750 52
. U . . '
1.1.2 110
01.7 b.)


































































































































































































































































































































































































































































































. ~ - -
3
3
3
3
3
007066925
noq7‘?7al 039110U61
nounuaoza
06662268?
NllIIIOOI NIIIIIIIO
NOODIOIIO Nit-IO... N0000IIII
07079972
09156039
oo....ou
4 01530004
‘ 7‘71
Sqnsoaqa
villi...
QTUizuqu
£25a221
 
. S.
plzsUSONV
E AE
R ED
M
T .
OSSSSSS 0
L 1
P s
'
xcccccc
E
I
Yeaezza
A
D
t
0555555
H
R
£77777?
h777777
Y
06606UG2
1
89095207
Quill!!-
39021783
37703235
ovtbtllo
oun‘uzae
12‘11:
SI
1e3u56NV
‘E
E0
N
606666 0
P
L
O
T
R
E
P
R
Assssss
£77777,
60786767
7527003“
ID'IICD'
2751770
31383771
IOU'UIII
97200336
1 211 l
1
E
Y55$$35
AZ?22?2
0
0777777
H
‘555555
E77777?
Y
2????220
Oqusogs
38922355
'OOIIIII
22733220
I SI
p123“SONV
6 AE
K ED
M
T I
0665666 0
L 7
P s
xcccccc
7000000
‘7‘11“
0
.
0999999
H
R
ASSSSSS
E777777
Y
mu
11311‘10
28100852
:lHSZZZI
bzabsuoq
I'OIIIDO
71132220
I 8.
Ples“SbNV
E ‘E
R ED
M
T I
Obbbbbb D
L T
p s
O
chcccc
E
7
YOOOOOU
‘
01‘11‘1
Exxll‘x
R
Assssss
E777777
 
